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CARBIDE CUTTING TOOLS IN THE USSR

[N. H. Polakowski, author of the a-ticle summarized below, used
the following sources: Machinin Theory and Practice, American So-
ciety for Metals » Cleveland, 1950; Machinin Standards for High-
Speed Steel Tools, USSR Ministry of Machine-Tool, Building, published
by Mashgiz, Moscow, 1950; Encyclopedia of Machine Research, Vol k,
Mashgiz, Moscow, 1947; G. &. Preiss, High-Speed Machining of Metals,
Mashgiz, Kiev, 1950; and A. P. Ivanov, "High-Speed Machining of Heat-
Resistant Austenitic Steels," Stanki i Instrument, Vol 22, February
11951, p 3.

Tables and figures referred to are appended. ]

High-Speed Steels and Cemented Carbides

Tungsten, molybdenum, and cobalt are rare in the USSR, but their use is
more and more indispensable in the manufacture of jet motors. For this reaconm,
range of high-speed steels has been reduced from five grades to two. Tie steel
in general use, designated by the symbol E1-262, contains only 8.5 to 10 percent
tungsten, 2.5 percent vanadium, and It percent chromium. The “"spectal". grade,
RF-1, is the well-lmown 18-k-1 grade, and its use is limited to the manufacture
of hobs with ground profiles, blades for cutting gears, screw taps , thread-mill-
ing cutters with ground threads, spindles s twist drills for steels with a hard-
ness higher than Brinell 200, and some special tools.,

Starting with the prineiple that the quantity of metal removed in machining,
per unit of weight of the alloy element (tu_ngsten) in the tool, is considerably
more with carbides than with high-speed steels ; the Soviets use carbide tools
vhenever possible. To this end, they are now producing & large variety of car-
vides, detalls on which are given in Table 2. The majority of these carbides
have been produced since 1945; grade T30K4 » containing 30 percent of titanium
carbide, vas created only in 1948 or 1949. Before 1941, only tungsten carbides
could be found, known under the name of "Pobedit". They were all of inferior

quality. .E,
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Table 4o ¢

cul composition and index of hurdness of Soviet carbides are compu -
in the tay

hose of materials manufactured in the US und in Europe. Symbhols used

carbig les define the composition of the carbide, V representing tungsten

materie’ N nickel, K cobalt, and T titanium carbide. Thus VK8 designates a

C&rbidil containing 8 percent of eobalt (KB), the rest being composed of tungsten

bide -,(V i and T21K8 designates & material containing 21 percent titanium car-
® (T21) ang 8 percent cobalt (X8), the rest being tungsten carbide.

Its investigations are corre
OIm, constityti

lated and results published in book
ng the busis for computing m
articles,

inimum manufoeturing time for machined

The materials taken us bases for calculation of
cut aye ap BO-kilogrum—per-squﬂre-millimeter carbon s
aD{)rOximatcly Brinell 215; a casting, of Brinell 190
Brinell 150, ang o bronze, of Brinell 100 to 140.
fG?GS, and depths of cut are calculated with simple formulas, substituting appro-
Prieste constants, Table 1 gives the cutting speed, in meters per minute, for the
turning or two of these materials. Table 3 indicates the power, in kilowatts, nec-
essary for machining 80-kilogram-per-squsre-millimeter Steel. The time and power
:Sgg Per cubic centimeter of metal removed can he caleulated easily from these
ables,

speeds, feeds, and depths of
teel, having a hardness of

2 mallenble casting, of

For other miteriuls, the speeds,

Tabls 4 pives the

values of some speeds
mchining an 80

kilogram-per-square millima
steel too), £lthough the speedt thown in
tionul efficiency, the exarmplas ne
teresting, in particular frem
indicated,

s in meters per minute, chosen for
ter steel with w high-speed E1.26G2

the toble are not indications of exeep-

lovw of turning with negative-angle tools are in-
thz vievpoint of the hizh speeds of cut vhich are

Turning Tools With Negative Anrle

Two standard carbide-grain tools, intended for general use in rourhing and
Tinishing operations, sare represented as (a) znd (b) in Figure'l. These tools
lave clearance ungles which are entirely nuntive, vhile the tools represented in
Figure 2 have tips with nopative wngles in the: drea of the cutting edzes combined
vith secondary clearaness ut positive ungles.  The width of the tip vith neprtive
anele is generally equal to the feed per rovoalution muliplied by 0.8 to*1.5,
These tools are revresented as having the cdvontage, over tools vith completely
negative clearance anglas, of considerably vedusing radial prescures and power
consumption. It would sppear that the power Aecessary for machining with the halp
of = tool hoving a totally nosotive ¢lzoranse of 10 degrees is 25 percent nicher
thon that needed with o tool having « tip with a nepative angle and a cecondnry
positive clearance of 15 degrees, and that th? radial presswure iz from 50 to 60
percent higher. It should be noted thet similor results have bezn obtuined in the
United States.

>

It would appear that speeds up to 1,035 moters por minud
machining bronze castings with the ool shown n (b) o Fim
curtide plate foiming the nosa ol this tool being la
tools in Figure 1, this type of tool is
for example, in tho turnin-

ave been uced {or
o Horrwver, i

S resietont then those or tha
ad for interrurted eubs, asn,

a

h
2
S ren At
not recaorm
of' rough-forgad eastbinge,

A
i

With o tool similur to that reprasented in (v)
zontaining 0.40 percent eurhon ang ons peraent chiron
motors per minute, with 2 faad of 0.30 1o 0,40 mily

of Tirure 1, an annreled steel
> ovas turned st o ospead of 05
imeter per revolution and o
depth of cut of 10 to 12.5 millumoters. For finishd-turning opzrations, using
fzeds of 0.05 to 0.075 millimator per revolution snd depths of cut of 0.15 to 0.h0
millimeter, the cutbing specds r2eomrended are 200 to 150 meters por minuto. Tha
irighest speed is suitable for soft steel; the lowsst apeed 15 suitable for steels
having hardnesses of Brinell 200 to 25Q T30K: earhides

steel.

are Indicated 2o turning
'
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A tuming tool of KBEK design is shown in Figure 3. It was designed for
Use on rigiq ang poverful ny.":hinc. exclusively. As a result of the small velue
of the angle » the area of eéntact of the tool or ‘he casting is relatively
ereat, so thay despite the considerahle amount of heat genérated (30 percent
more than with stanasrq tools), the temperature of the adpe would cemain lower
than that of too1s of g different type. In practice, > equals 10 to 20 de-
Braes, P! equals 10 to 15 degrees, and y  equals ninuss 5 degress. It would
8ppear that op g steel of 0.45 percent carbon, with 2 cu. one millimeter deep
m}d 2 feed of 0.20 millimeter pem revolution, a cutting speed of 965 meters per
minute can be used. Op a low-percentage alloy steel, known as "Chromansil,"
containing C.L0 percent carbon, one percent chromium, one percent manranese,
and one bereent silicon and treated to & tensile strength of 160 kilogroms per
Square millimeter, turning speeds up to 168 moters per minute reportedly have
been atteineg, For a laminated stai-less steel of €0-87 kilograms Per square
millimeter, the speed of cut would be about 290 meters per minute, the depth
of eut ang the feed being identlcal in the three exemples.

It is asserted that the type of tool reprosented in Figure 4 is particularly
suitable for combined traversing end focing opereztions on short castings such as
Pinion blanks. TIn the shop, the turning speed used for o caschardened steel with
on2 percent of chromium would be in the niturs of 520 to 610 meters per minute,
using » depth of cut of P millimeters snd £ feed of 0.23 millimeter P2r revolu-
tion, The came tool Ity likewise, be peed Jor dressing railrosd-car buffers ot B
speed of 1,035 meters per ninute, the depth of ecut being one millimeter and the
feed 0.70 millimeter ber revolution. Cuch cspeeds are possible, however, only on
operations of short duration because of the rapid heating of the tool. Concentric
channels or grooves 2 millimsters deep and 20 millimeters apart cae cut in “he
face of the 330-millimster buffer so as to furnish cooling points; in this way the
useful life of the tool lasts 60 minutes.

Mechining of Hard Steels

‘In mony cases, 1t is possible to replace grinding by turning, end cdnse-
quently, to reduce costs considerably. In the case of an outside flange for ball
bearings, 480 millimetcrs in diameter > & 50 to 60 percent time saving was effected
in proceeding to finished turning ir place of grinding after hardening to Rockwell
C 62-63, the machining allowance of metal removed on the diameter being from 3 to
b millimeters., A carbide-grain tool with negative angle, of VK8 grade, vas used.

A similar tool was used for mechining tempecod-stee) eylinders 1,750 milli-
meters in diameter and 2,450 millimeters long, for ¢ cold rolling mill. These
cylinders were hardened to Rockwell C 67. With o depth of cut of 0.50 millimster
to one millim:ter, a feed of 0.L40 millimeter per revolution, and a cutting speed
of 28 to 20 meters per minute, the useful life of the tool between successive re-
sharpenings was 100 minutes. For the turning of chroms steel cylinders having
Rockwell hardness of C 63 to 65, using = T1SKE titanium carbide tool, it wus pos-
cible to use o cutting speed of 60 meters rer minute with a depth of cut of 0.30
to 0.40 millimeter and a feed of 0.25 to 0.30 millimeter per revolution,

With material of this kind, one can proceed effectively to machining only if
the outside layer reeches 2 temperaturs of about 600 to £00 depraes cantigrede, so
thut the metel in front of the nose of the tool ic softened. The chip then comes
of I the easting in the form of 2 continuous spiral.

A very good surfuce finish is obtained, comparuble to thet cbtained by grind-
ing. It cen b2 said that when one turns o steel in ¢ softened steta, the tongen-
tinl force pulling the tool in o deseending direction is greater then the radiel
force. It has been determined, in the course of machining herdened steels, thuat
the radial force could be higher. The difference increcses in proportion te the
cubting speed incrzases, and, in some cases, the radizl pressure can be two or
three times higher than the targentizl pressurs. Consequently, the rigidity of
mounting of the tool is of considerable importuncs.
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VK8 aﬂerb?m resl:uts vith hardeneq steels have been obtained with the zarbides
biden Witk’f?\lo,_whn.ch have sufficient toughness., oy Yery Iine finishing, cqp.
angleg oD 4 high titaniyy eontent (TI5KE) cup pe used.  Recommendeq cutting
e are given in Table 5, in which the reference letters correspond with

08¢ in Tapya [Figure 7] 1.

Charactcristic eutting speegg and feads fop varicus depths or cut, used

;:;l:“gniﬂg carbon steel tremteq to 2 Roelsvell hardness of C 46, are givey in

\X'hc}‘ininﬁg or Heat-Resigtant Austenitic Steols
The I'Ollowing results ape obteined for hl@h-content nickel-chrome steels,

COntc-.?ning 0.20 to 0.50 percent eerbon. One of thesn Steels, desipnateq ng EYn7s,
fontains g, 39 to 0.40 peraant earbon, 23 to 27 percent hickel, and 16 4o g0 per-
cent chromiyg, Another steel, type E169, contains tbout 0.50 percent carbcn, 14
Percent nickel, 14 Percent chromn'um, and 2 percent tungsten. It vas not Possible
to veripy the exget fomposition of a thizq Steel, designeteq E1388, which, never-
theless, belongs without any qownt to the same class, It should be noted that,
althoyp) Aiffering iy carbide content (Table 1), designations of Soviet nlloy
Stesls go not define their ccmposition.,

¢ nmost eppropriato turning tooi Tor machining those steels hnsg - tip with
?Eeative angle and g positive Secondery elearapce s Similer in thig to the to01s
‘0 Figure 2, Using the Bame decignation ay in Figura 1, engles ore 26 Tollows:
b equals k45 degrees, 1 cauals 10 daprees, < equals 12 tp 1) degraes,
and Y cquals 14 degrees, The width of the tip with 6-degree negative anele ig
1.5 millimsters, . )

A series of mchin:bility tests alloys sehemrtizitiop of roesults obtained .z
showm in Figure 5. For ony eutting Speed, the ugefyl 1ife of the tool depongs
primerily on the feed. 14 sertain feed per revolution be exeeeded,, the usefyl
life decrenses repidly, fThe linits of feeq and the lifs of tools between sucees -

- sive regrindings ore 28 follows: r
Cutting speeq Feed (mm
‘ {meters per min) er_vevolution) Usefwl Life (min)
150 0,165 J.00
200 0.1 &s
250 0.075 °5

" It has been estublish g that the cutt:‘n‘g} gpeed V and the usefil Lifo S
Given by the formula ye Cv/mm,

The constont Qv varies from 3,700 to 1,00 “eeording to the types or steel,

and the exponent m varies from 0.1 to 0.h6., Foxr low-grade nickel-chromc steels
the value of this exponent varijes from 0.1 to0 0.2, .
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Table 1.

Cuttinz Sneeds in Meters per Minute
for Machining 80 Kg/s

q MmSteel and Cast Tron With Carbide Tools

Feed - mm per revolution

Mat Depth of
=Aterial Tool Cut (mm) 0.40 0.70 1.00 1.40
8o T5K10 4 100 & 12 64
k2/8q '
Steel 8 87 T2 65 57
15 i 63 58 18
Feed - mm per revolution
0.10 0.25 0.50 1.00
T15K6 1 270 223
2 198  16C
I 175 140 112
8 123 100
Feed - mm per revolution :
0.10 0.25 0.50 1.00 2.00
Casting VKE 1 122 103 5
Brinell !
. 150 2 9 81
h 8L 68 52 36%
8 5 b5 3
. 15 54 L) 31

* For & {-mm depth of cut

Table 2. Composition of Cemented Carbides Produced in the USSR

Composition (%)

Tungsten Titanium Rockwell ¢ -

Grade Carbide Carbide Cobalt Nickel  Hardness !
" VK3 97 3 89

VKG ot 6 87.5

VK8 92 8 87.5

VK12 88 12 8.5 g

VNG - 9k 6 87.5 5

75K6 89 5 6 8 |
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- Jomposition (%)

Tungsten

Picanium

Roclkvell C

Griuga
=l caI‘biUL_
~=2I0ia Corbide - : e
. N g Cobalt Nickel Hordness
5 10
T15k10 9 ' ”
15 5 87.5

FTAT TS
b T 21 3
'Ph‘ .-1‘ ‘ 88
SO 66 20 !
- i+
90
Teble 2, Pony ir Kilown
<, Peu wlovalts Naangge 1y Tor Muachi ;
“0 ¥z'0q Mn Stee) with TL5KE Carh'ideb nins
E;’Pth.crr Fred - mm wep revolution
AN 5]
] ' 2 0.10 0.2 0.50 1.00
L1.50 £.50 *
2y
Y.20 5.90

' 7.66 10.h0 14.00

\ 18.%0 25.00

Table L. cyute -

Speods in Miters oo~ <
o 1-:';/'."{; 3 in Hiters oo, Hinute Por Mcchinin{; ! ‘

Mm Steel With Hizh-Cpeed Steel E1-262

Depih of —Fred - mmoper revolution
AT

cut {rr)
\ 0.10 0.25 0.40 1.00
i P ~= = L.00
| % on
2
55 Iy
N
) 37 20
7
Table 5, To‘fl Aanlan R reommadag for I-iz:r:h’nfn';. Steels of Varlous
- Mavdnesses  (Sea Fipups 1) S
foclmell £
Mardness of
‘the Ateel
Lo L. lia=
cliinad ;
<k - o 2 & lose (rm)
%40-50 10 12-1h ho 15
; Bl 15 1-1.5
50-i0 10 50 1z
g S50 L0-20 25220 16
N P
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Table 6. Quty
© ng Speeds in Meters vir Minute for Machi.
& Carbon Steel With a Haxdness of _Roclwenccugme

Depth of Feed - mm per revolution

0.50 109 82 61
1.00 o 62 5
2.00 % 5 37

68 35 2

[Figures £o110v.]

Sy Y
WY S

Figure 1. Two Examples of Turning Tools
for General Use » Witn Negative Angle
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Figure 2. Examples of Turning Tools
With Negative-Angle Tips
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Figure 3. KBEK Turning Tool

Qa0rs o1y 0.0

FEED BeR Revowurion (Mm)

Figure 5. Relation Between Feed and Useful Life of Tool in Machining
Austenite Steels at Various Speeds
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